With a resistance rate of 19.2% among males compared to 27.0% among females, a significant gender difference was observed (P < 0.0001). Our study shows that in Japan, there is an evolving trend towards increased resistance to clarithromycin with geographical and gender differences as well as between clinical disease conditions. No significant changes in resistance were observed for amoxicillin and metronidazole during the period. While the benefit of H. pylori antimicrobial susceptibility testing has been debated in Japan, current empirical regimens are not based on susceptibility data representative of the general population. The development of an effective H. pylori eradication regimen in Japan will require continued resistance surveillance as well as a better understanding of the epidemiology of resistance.
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Since the report of Marshall and Warren in 1984 (11a) implicating Helicobacter pylori in stomach ulcer and gastritis, H. pylori has been implicated in not only peptic ulcer disease but also stomach cancer (23) . The incidence of stomach cancer in Japan has been reported to be six to nine times higher than that in the United States (18, 22) . As stomach cancer is a major cause of mortality in Japan, H. pylori eradication is an important public health intervention measure.
H. pylori eradication is based on a combination of antimicrobials and antisecretory agents (21) . Although triple-therapy regimens that include clarithromycin (CLR) remain the most widely used first-line treatment for H. pylori infection, with eradication rates estimated to be 80%, eradication rates are believed to be falling in Japan as they are in other countries (2, 11, 26) . Causation factors related to declining eradication rates include increasing resistance as a result of mutation of the 23S rRNA gene, poor patient compliance, and differences reflecting genotypes of CYP2C19 (1, 7, 11) . Of the factors contributing to declining eradication rates, resistance is considered to be the most important one.
Current national health care reimbursement in Japan covers testing and therapy related to H. pylori-associated peptic ulcers. As of November 2000, for reimbursement purposes, the Japanese national health care insurance system established a standard of a triple-drug therapy consisting of a proton pump inhibitor (PPI), CLR, and amoxicillin (AMX). Since the inclu-sion of an H. pylori eradication regimen in the national health care reimbursement system, there has been considerable debate among health care experts in Japan regarding how to best deal with the difficulties of eradication. This debate has intensified in light of growing resistance to antimicrobial agents and the all-too-common relapse observed clinically in the treatment of gastroduodenal ulcers.
Resistance rates in H. pylori can vary between groups of patients according to age, sex, disease, and place of residence (6) . Previous antimicrobial susceptibility surveillance studies monitoring antimicrobial resistance in H. pylori in Japan have been limited in scope, and there is no systematic surveillance of primary antimicrobial resistance. In the face of increasing eradication failure in Japan linked to growing resistance to CLR, we undertook a broad, population-based survey of H. pylori antimicrobial susceptibilities. In addition to CLR, we included AMX, which has shown low rates of resistance in previous limited population studies, as well as metronidazole (MNZ), a commonly used antimicrobial agent used outside of Japan. With an antimicrobial susceptibility database reflecting a broad cross section of the Japanese population, the data will be useful in supporting efforts to develop an H. pylori eradication regimen reflecting accurate resistance patterns and epidemiologies.
MATERIALS AND METHODS
Patients and bacterial strains. H. pylori isolates were collected sequentially from patients with no history of antibacterial therapy for eradication. These patients ranged in age from 6 to 88 years, were diagnosed with gastroduodenal disease, came from 36 medical facilities representing different geographical regions of Japan, and were included in the study on the basis of chronological and geographical considerations. A total of 3,707 isolates were included in the study: H. pylori isolates used in this study were identified on the basis of colonial morphology, characteristic spiral morphology on Gram staining, and other positive findings as described previously (25) . Isolates were stored at Ϫ70°C in Brucella broth with 10% dimethyl sulfoxide and 10% horse serum. Only one H. pylori isolate per patient was included in the study.
Antimicrobial susceptibility testing. Antimicrobial susceptibility was determined by the CLSI agar dilution method as previously described (4, 5) . Briefly, after adjusting for potency, twofold dilutions of CLR (LKT Labs, MN), AMX (Sigma-Aldrich, MO), and MNZ (Sigma-Aldrich) were prepared in MuellerHinton agar (Becton Dickinson, MD) with 5% sheep blood. Following preparation an H. pylori suspension in physiological saline adjusted to a McFarland standard of 2.0, a 1-to 3-l inoculum was spotted onto each agar plate. Following incubation at 35°C Ϯ 2°C for 72 h under a microaerophilic atmosphere, the MICs of CLR and AMX were established as the drug concentration showing no growth. With respect to the MIC of MNZ, the MIC was the concentration at which a marked reduction in the appearance of growth on the antimicrobial agent-containing plate compared to growth on the antimicrobial-free control plate occurred; significant changes in growth included a change from confluent growth to a haze, less than 10 tiny colonies, or one to three normal-sized colonies. Quality control using H. pylori ATCC 43504 was included with each antimicrobial susceptibility test.
The MIC interpretive standard of CLR for H. pylori (resistant, Ն1 g/ml) established by the CLSI was used (5). For AMX, the interpretive standard (susceptible, Յ0.03 g/ml) established by the Japanese Society of Chemotherapy was used (8) . As MNZ is not routinely used in Japan and no CLSI interpretive criteria exist, MICs were generated for trending purposes.
Statistical analysis. Results for the years 2002 to 2005 were determined by calculating data specific for each year and then averaging the data. Data on CLR resistance rates were stratified by age. Data were analyzed statistically using the chi-square test, and a P value of Ͻ0.05 was considered to be statistically significant.
RESULTS
The distribution of H. pylori MICs of CLR, AMX, and MNZ over a 3-year period is shown in Table 1 .
Interestingly, CLR MICs showed a bimodal distribution centering on 0.03 to 0.06 g/ml and 16 to 32 g/ml. With respect to CLR, the MIC range did not broaden over the study period. While the MIC 50 and MIC 90 during this period did not show a significant rate of change in resistance, the MIC 80 revealed a significant yearly increase as shown by a 128-fold increase during the 3-year period. Moreover, the overall rate of resistance to CLR increased from 18 With respect to AMX, the distribution of MICs during the 3-year period remained constant, with 61.8 to 68.8% of the isolates demonstrating MICs of Յ0.015 g/ml. MIC 50 and MIC 90 values also remained constant during the period. There were only three isolates at the upper end of the MIC distribution of 2 g/ml. No isolate exhibited an MIC of Ն4 g/ml.
Using the resistance breakpoint established by the Japanese Society of Chemotherapy, no significant trend toward resistance was observed.
The MIC distribution for MNZ was characterized by a wide distribution with a mode of 2 g/ml over the period, with no significant shifts in MIC 50 , MIC 80 , or MIC 90 values.
As shown in Table 2 , there was a statistically significant difference in the overall rates of resistance to CLR of 19.2% and 27.0%, respectively, among males and females (P Ͻ 0.0001); moreover, resistance rates varied when stratified by age range. The differential resistance rates among males and females were most extreme in the interval of 6 to 29 years of age, where resistance rates were 8.7% and 34.0% for males and females, respectively (P Ͻ 0.0001). Among males, CLR resistance was highest in those 70 years of age and older, at 28.3%, which was significantly higher than the resistant rate of 18.9% seen in the age group of 30 to 49 years (P Ͻ 0.001). Among females, a statistically significant difference in CLR resistance rates was also seen between groups of patients 70 years of age and older and 30 to 49 years of age (P Ͻ 0.05).
In Table 3 , CLR resistance rates among H. pylori isolates recovered from different clinical disease conditions reveal that compared to gastroduodenal ulcer or gastric ulcer, resistance rates were higher in isolates recovered from cases of chronic gastritis (P Ͻ 0.0001).
In addition to differences in CLR resistance by age, gender, and clinical disease condition, geographical differences were also revealed ( Table 4 ). The Kanto region (11.6%), located in the middle region of Japan, was associated with a lower rate of resistance than the Kansai region (33.3%), located in the Southwest region of Japan (P Ͻ 0.0001).
Quality control MICs were within acceptable limits for all antimicrobial susceptibility testings.
DISCUSSION
Following a 1994 National Institutes of Health Consensus Development Conference recommendation that peptic ulcer patients with H. pylori infection be treated with antimicrobial agents in addition to antisecretory drugs (17) , Japan adopted a similar approach in November 2000 after a series of large-scale With the combination of lansoprazole, AMX, and CLR (Takeda Pharmaceuticals, Osaka, Japan), compliance to medication has increased, while errors in medication have decreased (10) . As data on the use of the combination of lansoprazole, AMX, and CLR by region in Japan are not available, it has been difficult to correlate drug usage and local resistance patterns. As resistance to antimicrobial agents increases in response to eradication treatment regimens, it has been speculated that resistance pattern differences observed in limited regional studies in Japan may be related to medical practice differences with respect to eradication treatment.
While an eradication success rate of 80% was previously assumed for triple therapy, eradication treatment failure has been a growing concern in recent years. Factors contributing to eradication include reduced compliance to medication schedules, genetic polymorphisms of drug-metabolizing enzymes, and increased resistance to antimicrobial agents (2, 7, 26) . It was previously reported that resistance to CLR among H. pylori isolates in Japan has been increasing (1, 9, 11, 14, 27) . It can be speculated that inadequate empirical treatment due to a lack of current antimicrobial susceptibility data is exacerbating the problem of increasing resistance. A survey conducted in 2000 by the Japanese Society of Chemotherapy found the national resistance rate for CLR to be 7.0%, while a similar survey in 2004 found a 27.7% resistance rate. Similar studies outside of Japan found lower rates. In 2004, the CDC reported 13% CLR resistance and warned of the potential for eradication failure (6) . A possible reason accounting for the significantly higher rate of resistance to CLR in Japan is the more frequent use of macrolides in the practice of pulmonary and ear, nose, and throat specialties, as macrolides can be prescribed regardless of patient age on an outpatient basis (19) . In particular, the relative clinical effectiveness of low-dose longterm therapy with macrolides in the treatment of chronic respiratory infections may account for the failure of H. pylori eradication in those patients. The high failure rate observed when CLR is employed in an eradication regimen in the presence of CLR-resistant strains as well as the association of eradication failure and CLR resistance have been reported (9, 27) . The not-uncommon occurrence of suboptimal eradication therapy would predict a further increase in the incidence of CLR-resistant H. pylori strains.
In order to determine the current antimicrobial susceptibility profiles of H. pylori isolates from gastric and duodenal diseases in Japan, we undertook a surveillance study as part of a working group of the Japanese Society for Helicobacter Research. Our findings reveal that resistance to CLR increased from 18.9% to 27.7% over a 3-year period beginning in 2002, along with a sharp rise in the MIC 80 . This increased resistance to CLR was not detected with the MIC 50 and MIC 90 during the 3-year period, while the MIC 80 reflected the cumulative distribution within the bimodal distributions.
While the number of isolates that were not susceptible to AMX showed a peak during the second-year range of the study, our isolates were below the upper MIC of 8 g/ml as previously reported by van Zwet et al. (24) . While resistance to AMX is believed to be due to a mutation in the gene coding for penicillin binding protein, no H. pylori isolates in Japan have, to date, demonstrated a similar mechanism of resistance. This may reflect a different mechanism underlying the elevation of AMX MICs for isolates recovered in Japan compared to that for isolates recovered in the United States and Europe.
Using the MNZ breakpoint of 8 g/ml established by the European Study Group, resistance rates were 4.9%, 5.3%, and 3.3% during the study period range of 2002 to 2003, 2003 to 2004, and 2004 to 2005 , respectively. Compared to data generated in Europe, the resistance rates observed in our study were lower (12) . One possible reason to account for this difference may be that for Japanese national health care reimbursement purposes, the use of MNZ is currently restricted to use as an antiprotozoal drug, resulting in less exposure for the development of antibacterial resistance.
In this epidemiological study of the distribution of H. pylori antimicrobial resistance in the Japanese population, there are a number of global implications of our findings. With respect to Japan, the use of CLR for respiratory infections has increased significantly. We feel that there is a causal relationship between the increased use of CLR and increased resistance of H. pylori to CLR. Another factor specific to Japan is that the use of MNZ is limited to protozoan infections; this is reflected in the high susceptibility of H. pylori to this antimicrobial observed in this study. In contrast, there is high rate of H. pylori resistance to MNZ in Vietnam as well as other countries in Asia, which may be related to the greater use of this antimicrobial. It can be speculated that the eradication of H. pylori will be influenced by the use and abuse of MNZ. While the implementation of an H. pylori eradication regimen in Japan was delayed compared to those in the United States and Europe, our data on present resistance rates clearly suggest that first-line eradication failure as well as resistance to CLR will continue to increase in Japan. The effectiveness of a second-line H. pylori eradication regimen consisting of PPI in combination with AMX and MNZ has been reported in Japan, with eradication success rates ranging from 80 to 90% (15, 16) . As confirmed by our study, the low rate of resistance to MNZ will most likely lead to the greater use of MNZ in eradication regimens in Japan.
With respect to resistance rates in H. pylori between groups of patients varying according to gender, McMahon et al. and Pilotto et al. previously reported higher rates of resistance to MNZ among women with a previous history of MNZ medication (13, 20) . On the other hand, no statistically significant difference among the sexes for CLR resistance was reported (13) . In our surveillance study, a higher rate of CLR resistance among women was observed over the 3-year period. It can be speculated that this observation may reflect the fact that women in Japan have a greater tendency to seek treatment for relatively minor respiratory infections in light of their role as the primary parent in child-rearing as well as the widespread use of CLR in the empirical treatment of respiratory infections. The hypothesis of higher resistance in patients with a history of exposure to the antimicrobial agent is consistent with a previous report from Bulgaria, which found that among patients receiving treatment for peptic ulcers, H. pylori MNZ resistance rates were twofold higher among adults than among children (3). Among minors, MNZ resistance rates were lower in the 1-to 9-year-old age group compared to 10-to 18-yearold age group. In the same study, ciprofloxacin resistance was 8% among the 10-to 18-year-old age group, compared to no resistance in the 1-to 9-year-old age group. The data are clearly consistent with the association of resistance rates and antibiotic usage. Finally, the finding of an association of CLR resistance when patients were stratified by disease has not been previously reported in Japan. The significantly higher rate of resistance among patients with chronic gastritis may reflect the use of CLR in treating non-gastritis-related infections in these patients. Our group will continue ongoing research to better understand the epidemiology of H. pylori antimicrobial resistance in Japan.
